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DOI: 10.1039/c1jm12545aA new strategy for targeted design and synthesis of an electroactive microporous organic molecular
sieve (JUC-Z2) is described. Experiment demonstrated that such a targeted synthesis approach to
achieve phenyl–phenyl coupling was a controllable process and predominately generated two-
dimensional polymer sheets, significantly different from the traditional chemical or electrochemical
oxidation methods to prepare conducting polymers. Successive self-assembly leads to a lamellar
organic framework comprised of stacked polymer sheets with an hcb topology. JUC-Z2 was found
to have a well-defined uniform micropore distribution (1.2 nm), a large surface area (BET ¼
2081 m2 g1) and high physicochemical stability (>440 C). After doping with I2, JUC-Z2 exhibits
typical p-type semiconductive properties. As the first example of an electroactive organic framework,
JUC-Z2 possesses a unique ability of electrochemical ion recognition, arising from the synergistic
function of the uniform micropores and the N-atom redox site.Introduction
Inspired by the natural and artificial zeolitic materials as well as
their functions, organic porous architectures in organic or
organic–inorganic hybrid polymers have generated much atten-
tion among chemists to design and synthesize new species with
specific functionalities. Although many synthetic porous organic
frameworks (POFs), including metal–organic frameworks
(MOFs), covalent organic frameworks (COFs) and conjugated
microporous polymers (CMPs), with well-defined networks and
high surface areas, have been designed and their functional
micropores investigated,1–7 the functions of the POFs, apart from
gas storage,8,9 have not yet been well explored. It should be noted
that several groups began to focus on the potential application of
POFs in catalysis,10,11 solar cells12 and molecular rotors.13
Recently, conducting organic frameworks were predicted as new-
generation zeolitic microporous materials capable of exhibiting
a range of unique electronic and optoelectronic properties.4e
However, the design and synthesis of electroactive organic
frameworks (EOFs) with both conducting and electrochemical
redox features, are still a great challenge.aState Key Lab of Inorganic Synthesis and Preparative Chemistry, Jilin
University, 130012, China. E-mail: sqiu@jlu.edu.cn; Fax: +(86) 431
85168331; Tel: +(86) 431 85168331
bState Key Laboratory of Physical Chemistry of Solid Surfaces and College
of Chemistry and Chemical Engineering, Xiamen University, 361005,
China. E-mail: kshi@xmu.edu.cn
cWuhan Institute of Physics and Mathematics - State Key Laboratory of
Magnetic Resonance and Atomic and Molecular Physics, Wuhan, China
† Electronic supplementary information (ESI) available: FT-IR, AFM,
TGA and CV of Oligo-JUC-Z2 and JUC-Z2. See DOI:
10.1039/c1jm12545a
18208 | J. Mater. Chem., 2011, 21, 18208–18214Conducting polymers synthesized from aromatic monomers,
such as pyrrole, aniline, thiophene and their derivatives, are
theoretically promising candidates for EOFs. However, most of
the conducting polymers that have been reported in the literature
so far, strictly speaking, are not authentic EOFs since they
usually exhibit a wide pore distribution or an uncertain pore
structure.14 The reason for this should be attributed to either the
synthesis approach or the monomers employed previously.
Hitherto, chemical or electrochemical oxidation is still the most
frequently used synthesis method due to experimental conve-
nience.15 However, the reactive nature of the oxidation reaction
would cause a complicated polymerization process, so that the
synthesis might deviate from the targeted route and result in
uncertain structures.16 In addition, most of the previously
employed monomers predominantly formed one-dimensional or
disordered three-dimensional cross-linked polymer chains,17
which always lead to a wide pore distribution in the structure.14–17
Accordingly, to achieve the targeted design and synthesis of
EOFs, developing a controllable polymerization approach is
a critical issue, while the aromatic monomers should structurally
allow the formation of the high-dimensional polymer frame-
works via ordered covalent cross-linking.
Triphenylamine (TPA) and its derivatives are an important
class of building blocks because they are able to form stable
aminium radical cations with low ionization potentials and rela-
tively high mobility.18 Thus, they usually serve as functional units
for one-dimensional chains, two-dimensional hyperbranched and
three-dimensional dendrimeric conducting polymers, or as hole-
transport layers in electroluminescent devices, as well as ferro-
magnetic coupling materials with high-spin polyradicals.19,20































































View Onlinewith a central electroactive nitrogen atom which is linked to three
electron-rich phenyl groups. Such a unique structure intrigued us
to topologically design and synthesize EOFswith hcb topology by
self-polymerization of C3 TPA derivatives. Previously, Cooper
and co-workers synthesized a series of amorphous CMPs con-
taining triphenylamine moieties by a copolymerization approach
and explored their gas storage properties.4c,d Furthermore, they
theoretically predicted polytriphenylamine independently as an
‘‘undiscovered’’ microporous organic polymer (MOP) which is
expected to exhibit a range of unique electronic and optoelec-
tronic properties.4e
In this contribution, we describe a targeted synthesis of elec-
troactive organic molecular sieve (JUC-Z2) from para-tri-
bromotribenzylaniline monomer. Different from traditional
chemical or electrochemical oxidation to generate hyper-
branched or amorphous nonporous polytriphenylamine,
Yamamoto type Ullmann chemistry was developed to con-
trollably synthesize two-dimensional polymer sheets via the tar-
geted cross-coupling of para-tribromotribenzylaniline at the
4-position, and the lamellar organic frameworks comprising of
the stacked sheets with an hcb topology were successively formed
via self-assembly. This is the first time that the targeted synthesis
of an EOF with a uniform micropore structure has been exper-
imentally achieved and enables investigation of the novel guest-
recognition function of the micropore accessibility driven by the
electrochemical doping–dedoping of the polytriphenylamine
frameworks.Experimental section
Synthesis
To a solution of bis(1,5-cyclooctadiene)nickel(0) (Ni(cod)2,
8.07 g, 29.35 mmol, Aldrich) and 2,20-bipyridyl (4.58 g, 29.33
mmol, Aldrich) in dehydrated DMF (800 mL, Aldrich, dried
over CaH2) was added 1,5-cyclooctadiene (cod, 3.6 mL, 28.98
mmol, Aldrich, dried over CaH2), and the mixture was heated at
80 C for 1 h. To the resulting purple solution was added para-
tribromotribenzylaniline (3.93 g, 8.15 mmol, Aldrich), and the
mixture was stirred at that temperature overnight to obtain
a deep purple suspension. After cooling to room temperature,
conc. HCl was added to the mixture until it turned to a green
suspension. After filtration, the residue was washed with H2O
(5  30 mL), C2H5OH (5  30 mL) and CHCl3 (5  30 mL)
successively, and dried in vacuum to achieve JUC-Z2 as an off-
white powder (1.95 g, 97.7% yield). Elemental analysis: calc.
(wt%) for (C18H12N)n: C: 89.23, H: 4.99, N: 5.78; Found: C:
89.22, H: 4.90, N: 5.60; FTIR (KBr): n ¼ 3029, 1599, 1488, 1317,
1280, 1181, 1108, 1003, 844, 814, 740, 641, 519 cm1. Oligo-JUC-
Z2 was synthesized and purified according to the same proce-
dure, except for the synthesis time which was shortened to 4 h.13C CP/MAS NMR
The 13C CP/MAS NMR experiment was performed on a Varian
Infinity-plus 400 spectrometer operating at a magnetic field
strength of 9.4 T. The resonance frequencies at this field strength
were 100.6 MHz. A Chemagnetics 7.5 mm triple-resonance MAS
probe was used to acquire 13C CP/MAS NMR spectra. TheThis journal is ª The Royal Society of Chemistry 2011chemical shifts were externally referenced to hexamethylbenzene
(HMB) for 13C.
Elemental analysis, TGA and FTIR
Elemental analysis was carried out on a VarioEL elemental
analyzer. The thermogravimetric analysis (TGA) was performed
using a SHIMADZUDTG-60 thermal analyzer at a heating rate
of 10 C min1 in dry air atmosphere. FTIR spectra (KBr) were
measured using a SHIMADZU IRAffinity-1 Fourier transform
infrared spectrophotometer.
Atomic force microscopy
Atomic force microscopy (AFM) was carried out using a Nano-
scope IIIa (Digital Instruments) with tapping mode.
Powder X-ray diffraction
PXRD measurements were performed using a SHIMADZU
XRD-6000 X-ray diffractometer using Cu-Ka radiation, 40 kV,
30 mA with scanning rate of 2 min1 (2q).
N2 sorption measurements
N2 sorption measurements were performed on a Micromeritics
Tristar II 3020 gas adsorption analyzer. An as-isolated sample of
JUC-Z2 was immersed in water, ethanol and chloroform,
respectively, each for 48 h to remove solvent residue and starting
materials from the pores. After the removal of chloroform by
decanting, the sample was activated under a dynamic vacuum at
150 C overnight. Before the measurement, the sample was
degassed by using the ‘‘degas’’ function of the surface area
analyzer for 6 h at 150 C. A 50 mg sample and UHP-grade
nitrogen (99.999%) gas source were used in the sorption
measurement at 77 K maintained with liquid nitrogen
throughout the whole measurement. Oil-free vacuum pumps and
oil-free pressure regulators were used for all measurements to
prevent contamination of the samples during the degassing
process and isotherm measurement.
I–V profile measurements
I–V profile measurements were carried out at 25 C in air on
JUC-Z2 or I2-doped JUC-Z2 between 10 mm diameter Pt elec-
trodes by a two-probe method using a Keithley model 2635
sourcemeter. JUC-Z2 was homogeneously dispersed in acetone
and cast onto the electrode to give a film. For I2 doping, the JUC-
Z2 electrode was put into an I2 atmosphere for 1 h before
measurement. The resistivity, carrier concentration and Hall
mobility of I2-doped JUC-Z2 were investigated by Hall
measurement (Accent HL5500 PC) with Van der Pauw method.
Electrochemical experiments
Electrochemical experiments were performed on a CHI660C
electrochemical workstation (CH Instruments, Inc.). The elec-
trochemical behavior of JUC-Z2 was investigated by using
a conventional three-electrode cell consisting of a platinum (Pt,
0.5 mm diameter) working microelectrode, a platinum foil































































View Onlineelectrode. All potentials were reported vs. the external ferrocene–
ferrocenium (Fc/Fc+) standard. A JUC-Z2/Pt powder micro-
electrode was prepared according to the method reported in the
literature.21 All experiments were carried out at room tempera-
ture (25  2 C).Results and discussion
Synthesis
JUC-Z2 was synthesized via a Yamamoto-type22 Ullmann reac-
tion route,23 as schematically shown in Fig. 1A, in which Ni
(cod)2 catalyst would limit the cross-coupling of para-tri-
bromotribenzylaniline (TBTA) monomer to occur at the
4-position (see Experimental section). The polymerizing process
was monitored by Fourier transform infrared (FTIR) spectros-
copy. The disappearance of C–Br vibration of the starting
material indicated both the complete consumption of TBTA and
the success of phenyl–phenyl coupling (Fig. S1, ESI†). The
synthesized sample was found to be insoluble in common organic
solvents or water, but swelling was observed in some organic
solvents, revealing its flexible aggregation structure dependent on
the doped solvents. For purification, the sample was successively
immersed in water, ethanol and chloroform to remove either
solvent residue or starting materials, and finally was heated at
150 C for 6 h in vacuum to remove volatile entities. The purified
JUC-Z2 solid was obtained as an off-white powder, suggesting
the less conjugated nature of the polymer at this state.NMR studies
The local structure of the purified JUC-Z2 was revealed by 13C
cross-polarization magic-angle spinning nuclear magnetic reso-
nance (CP/MAS NMR), as shown in Fig. 1B. Three pronounced
signals are resolved at d ¼ 153, 142 and 132 ppm, respectively.
The intense signal at d ¼ 132 ppm is unambiguously assigned to
C3 and C2 in the benzene ring, while two relatively weaker signals
at d ¼ 153 and 142 ppm are attributed to C1 and C4, respectively.
These results indicate that the targeted cross-coupling of TBTA
really occurred under the present conditions.Fig. 1 (A) Schematic illustration of targeted synthesis of JUC-Z2; (B)
13C CP/MAS NMR spectrum of JUC-Z2.
18210 | J. Mater. Chem., 2011, 21, 18208–18214The synthesis and characterization (vide infra) of JUC-Z2 were
repeatedly carried out for more than five times. Usually, relative
standard deviation (RSD) less than 5% were found between the
samples obtained from different batches.
AFM studies
To monitor the structural variation with the polymerizing
progress, oligomeric JUC-Z2 (Oligo-JUC-Z2) was prepared by
reducing the reaction time to 4 h. The purified Oligo-JUC-Z2 in
acetone (JUC-Z2 in acetonitrile) was ultrasonicated for one
hour, and then 4 ml of the mixture solution (0.00076 mgml1) was
dropped on a highly ordered pyrolytic graphite (HOPG) surface,
following by drying in vacuum, before being subjected to AFM
study. Fig. 2A is a typical AFM image of the Oligo-JUC-Z2.
Well-separated polymer discs with height from 0.5 to 8 nm are
clearly evident in this image, as shown in the section profile
analysis measured along the white line through the image. From
the statistics results of more than 100 polymer discs, their average
diameter and height were estimated to be 162.3  66.9 nm and
6.02  2.4 nm, respectively (see Fig. S2, ESI†). In comparison to
the Oligo-JUC-Z2, the highly condensed JUC-Z2 discs have an
increased average diameter (204.8  58.1 nm), as shown in
Fig. 2B, but a decreased average height (4.5  1.4 nm) that was
presumably caused by the high dispersion effect of acetonitrile.
These observations demonstrate that the cross-coupling reaction
predominantly generated the two-dimensional polymer sheets
and successive self-assembly interaction led to the lamellar
organic frameworks comprising of stacked sheets.
PXRD studies
Powder X-ray diffraction (PXRD) indicated that Oligo-JUC-Z2
and highly condensed JUC-Z2 in their purified solid states are
predominantly amorphous (see Fig. S3, ESI†). Interestingly, two
samples at their swollen states exhibit variable aggregation
structure and visible appearance, which results from the unpre-
dictable condition for the self-assembly interaction. For example,
using a small amount of DMF (1 : 1, w/w) to dope the Oligo-
JUC-Z2 leads the off-white powder to turn into a dark green
mud and only a few peaks appeared at its PXRD pattern clearly
(Fig. 3B). Although the high background and the few visible
peaks resulted in difficulty in assigning either an ab initioFig. 2 (A) Tapping mode AFM images of (A) oligo- and (B) highly
condensed JUC-Z2 on HOPG surface; the white line through the image
indicates where the section profile was measured.
This journal is ª The Royal Society of Chemistry 2011
Fig. 3 (A) Simulated structure of Oligo-JUC-Z2; (B) PXRD pattern of
Oligo-JUC-Z2 (black) and simulated pattern of the proposed structure
(red); (C) N2 sorption isotherm of activated JUC-Z2 (black) and Oligo-
JUC-Z2 (red): (solid symbols, adsorption; open symbols, desorption);
(D) pore size distribution of JUC-Z2 (black) and Oligo-JUC-Z2 (red)
































































View Onlinestructure study or even a crystallographic refinement, four
quantitative peaks at 5.2, 9.4, 13.5 and 16.4 are clearly due to
strong reflections. Referring to these peaks, the product obtained
and the target structure designed for the synthesis thus can be
compared.
Fig. 3A shows the target two-dimensional (2D) sheet structure
of hcb topology that can be described by a 2D hexagonal lattice
with a ¼ b ¼ 18.6 A. Using this lattice, the reflection peaks at 5.2
and 9.4 could be indexed as the (10) and (11) reflections, but not
the peaks at 13.5 and 16.4. For the lamellar structure, the peaks
at 13.5 and 16.4 were considered as reflections with three-
dimensional (3D) indexes. By adjusting the c parameter of a 3D
unit cell with a¼ b¼ 18.6A to match these two reflections peaks,
these peaks could be indexed as (101) and (201) for c¼ 7.0A. The
reflections at 5.2 and 9.4 were indexed as (100) and (110). There
are two most likely stacking modes of the sheet layers, AA
(atoms in adjacent sheets lie directly over each other) and AB (the
adjacent sheets offset by 1/2, 1/2) type stacking sequences.
Following the AA type stacking, the sheet layers lie directly on
top of neighboring layers where the c parameter of the unit cell is
close to the distance between sheet layers which is about 3.5 A,
according to similar structures reported.6d,7 This c parameter is
contrary to our experiment result. The alternative model is that
the sheet layers are arranged in an AB sequence, with the N-atom
of the sheet layer is lying over the centre of the rings of neigh-
boring layers. In this case, the c parameter of the unit cell should
be two times of the distance between the sheet layers, about 7.0
A. Thus, our model is drawn by assembling two sheet layers at z
¼ 0 and z ¼ 1/2 of the unit cell in a staggered AB arrangement
(Fig. 3A). The space group symmetry of this model is P63/mmc
(no. 194). Based on this mode, a PXRD pattern was simulated byThis journal is ª The Royal Society of Chemistry 2011using the PXRD simulation package in the software Materials
Studio (Fig. 3B). Three strong peaks are obviously present in the
simulated PXRD pattern as (100), (110) and (101) which is in
good agreement with the experimental PXRD pattern, though
the calculated intensity of the (201) reflection is relatively weaker
than the observed peak. We therefore concluded that the Oligo-
JUC-Z2 sheets adopt an hcb topology with a pore diameter of
1.24 nm, consistent with the previous AFM observations.
Though the defects increase with the two-dimensional sheet
propagation, we believe the structure of the highly condensed
JUC-Z2 should be similar to Oligo-JUC-Z2.The micropore structure of JUC-Z2
The nature of the pores of the purified Oligo-JUC-Z2 and JUC-
Z2 solids was revealed by nitrogen sorption isotherm measure-
ment at 77 K (Fig. 3C). The two activated samples measured
from 0 to 1 bar (1 bar ¼ P0) exhibits a sharp uptake in a relative
pressure range from 105 to 101, which is a signature feature of
microporous materials. The Brunauer–Emmett–Teller (BET)
surface area is evaluated as 1982 and 2081 m2 g1 for Oligo-JUC-
Z2 and JUC-Z2, respectively, while the Langmuir model for
relative pressure between 5  102 and 2  101 results in
apparent surface area of 2312 and 2557 m2 g1 for Oligo-JUC-Z2
and JUC-Z2, respectively. The pore sizes of the two samples
calculated by appropriate fitting of the density functional theory
(DFT) model to the isotherm yields a value of 1.2 nm for both
samples (Fig. 3D), which is consistent with the theoretically
calculated pore size of the ideally proposed structure. Thus we
surmised the local environments of the two samples are similar
and agrees with the proposed model. The hysteretic loops
observed for the both Oligo-JUC-Z2 and JUC-Z2 are ascribed to
the swelling effects11 of soft porous organic materials and the
disordered nature of these materials without guest. The thermal
stability of a JUC-Z2 sample was investigated by thermogravi-
metric analysis. The fully activated sample was found to be stable
up to 442 C in air according to 5% weight loss (see Fig. S4,
ESI†).Electrical and electrochemical properties
JUC-Z2 which combines a conductive backbone with highly
dense p-electronic components may have a high probability of
becoming a semiconductor, so we further investigated the elec-
trical properties of JUC-Z2 and iodine-doped JUC-Z2 using
a two-probe method. Fig. 4A indicates that the pristine JUC-Z2
displays a nearly inactive I–V profile in air at 25 C from 10
to +10 V, whereas the iodine-doped JUC-Z2 gives a sharp
current response for the bias voltage. For example, at +10 V the
current was found to increase from 0.6 to 2.15  106 nA due to
iodine-doping.7a Moreover, the doped JUC-Z2 was capable of
repetitive on–off current switching without significant deterio-
ration (Fig. 4B). As measured by an Accent HL5500 Hall System
with Van der Pauw method, the I2 doped JUC-Z2 exhibits p-type
conduction and resistivity of 9  101 U cm with a Hall mobility
of 0.811 cm2 V1 s1, and a carrier concentration of 8.26  1018
cm3. The mobility and carrier concentration is relatively low
because JUC-Z2 has an open framework and bulk density is
very low.J. Mater. Chem., 2011, 21, 18208–18214 | 18211
Fig. 4 (A) I–V profile of JUC-Z2 (black curve, without JUC-Z2; red
curve, with JUC-Z2; blue curve, with iodine-doped JUC-Z2); the inset
shows the expanded pattern of the marked area; (B) electric current of I2-































































View OnlineJUC-Z2 is also an electroactive polymer because its conduct-
ing organic frameworks include the N-atom redox site. There-
fore, we successively investigated its electrochemical
characteristic features relevant to the uniform micropores. JUC-
Z2 was found to be capable of exhibiting reversible and stable
electrochemical redox behaviors for supporting electrolytes
composed of hydrophilic small anions, such as tetrabuty-
lammonium hexafluorophosphate (Bu4NPF6), tetrabutylammo-
nium perchlorate (Bu4NClO4) or tetrabutylammonium
tetrafluoroborate (Bu4NBF4). For example, Fig. 5a shows the
cyclic voltammogram (CV) of pristine Oligo-JUC-Z2 powder
film at a scan rate of 20 mV s1 in dry and degassed 0.1 M
Bu4NPF6/acetonitrile solution in which the film is insoluble. The
pristine Oligo-JUC-Z2 displays a couple of reversible redox
peaks (Epa ¼ +0.72 V, Epc ¼ +0.52 V) within the potential range
investigated. After five repetitive cycles, its voltammetric
response only changed slightly (Fig. 5b).
Interestingly, Oligo-JUC-Z2 exhibits a unique electrochemical
response for tetraethylammonium toluene-4-sulfonate (ET4N-
TOS), as shown in Fig. 5c, whose medium size anion contains theFig. 5 Cyclic voltammograms of Oligo-JUC-Z2 powder film on Pt
microelectrode in degassed acetonitrile solution containing 0.1 M
Bu4NPF6 at (a) the first cycle and (b) fifth cycle; 0.1 M ET4TOS at (c) the
first cycle and (d) fifth cycle; (e) 0.1 M CSA at the first cycle. Scan rate: 20
mV s1.
18212 | J. Mater. Chem., 2011, 21, 18208–18214hydrophobic toluene segment. In comparison to Fig. 5a, the
pristine Oligo-JUC-Z2 displays a large oxidation peak (Epa ¼
+0.70 V) in 0.1 M ET4NTOS/acetonitrile solution. In the reverse
scanning process, however, two small reduction peaks appear at
+0.41 and 0.72 V, respectively. With voltammetric cycling,
each of redox peaks was found to decrease continuously. After
five repetitive cycles, as shown in Fig. 5d, the polymer film
became almost electrochemically inactive. Moreover, the pristine
Oligo-JUC-Z2 only gives very weak redox signals in 0.1 M 10-
camphorsulfonic acid (CSA)/acetonitrile solution (Fig. 5e) in
which the anion is large. The highly condensed JUC-Z2 was
found to have the same electrochemical features as previously
found (Fig. S5, ESI†). Such electrochemical behavior depending
on the electrolyte ions should be directly related to the uniform
micropores (1.2 nm) of this novel type of conducting organic
molecular sieve, different from that of the conducting polymer
synthesized by chemical or electrochemical oxidation
methods.24,25
Essentially, JUC-Z2 is a p-doping type of semiconductive
POF, whose electrochemical redox process is dependent on either
insertion or ejection of electrolyte ions, especially anions, to
maintain the POF charge neutrality.24 Obviously, the micropores
of the pristine JUC-Z2 permit free mobility of spherical small
anions such as PF6
 (5.12A), ClO4
 (5.0A) and BF4
 (4.54A), to
balance the charge variation of the polytriphenylamine frame-
works caused by the redox reactions of the electroactive N-atom,
as illustrated in Scheme 1, which in turn results in a stable redox
process. The uniform micropores are also accessible to the
oblate-like medium size TOS (z 8 A (length)  5 A (width))
anions since a large oxidation peak was observed in theScheme 1 Illustration of electrochemical redox behavior of pristine
JUC-Z2 and its different redox processes occurring in either Bu4NPF6
(Bu4NClO4, Bu4NBF4), ET4TOS or HCSA supporting electrolyte
solutions.































































View OnlineET4NTOS supporting electrolyte at the first voltammetric cycle.
During the successive cathodic process, however, the aromatic
frameworks can inhibit most of the inserted anions being ejected
out via hydrophobic interaction, which led to a very small
reduction peak at +0.41 V. At more negative potentials, the
electrochemical energy is high enough to cause the insertion of
ET4N
+ cations to balance the negative charge accumulated on
the frameworks.24 Another small reduction peak thus appeared
at 0.72 V. Because the uniform micropores (1.2 nm) are very
easily blocked by the remaining ET4NTOS molecules, the poly-
mer underwent electrochemical passivation. Similarly, it is the
micropores that restrain the electrochemical response of the
pristine Oligo-JUC-Z2 for the large CSA anion (9 A) that has
an approximately spherical shape. In summary, the uniform
micropore structure leads the JUC-Z2 to possess novel electro-
chemistry features, totally different from previously electro-
synthesized conducting polymers that can exhibit the large and
stable voltammetric response for either CSA or TOS anion.25
JUC-Z2 is the first example of an electroactive organic frame-
work and its electrochemical behavior demonstrates the
conversion between electric and chemical energy in the organic
framework depends on matching between the micropores and
ion guests. Such a remarkable recognition ability towards the
shape and size of ion guest will lead JUC-Z2 to have potential
application in sensors. Moreover, the JUC-Z2 is also a promising
p-type of conjugated polymer material for organic-based bulk
heterojunction optoelectronic devices such as electroluminescent
devices and solar cells, because its uniform micropore nature is
capable of forming an interpenetrating network with electron
acceptor materials, such as fullerene, extending the interface area
over the whole photoactive layer.26Conclusions
In conclusion, we have discovered a strategy for design and
targeted synthesis of electroactive organic frameworks (EOF) via
Yamamoto type Ullmann cross-coupling reaction of para-tri-
bromotribenzylaniline monomer and successive self-assembly.
Such lamellar EOFs comprising of stacked polymer sheets with
hcb topology have well-defined uniform micropores (1.2 nm),
large surface area (SBET¼ 2081 m2 g1) and high physicochemical
stability (>440 C). After doping by I2, the EOF exhibits typical
p-type semiconductive properties with a resistivity of 9  101 U
cm, a Hall mobility of 0.811 cm2 V1s1 and a carrier concen-
tration of 8.26  1018 cm3. Importantly, its uniform micropore
nature combined with the p-semiconductive character and the N-
atom redox feature demonstrates a novel function of electro-
chemical recognition towards ions with different charge and size,
which is driven by the electrochemical doping–dedoping of the
polytriphenylamine frameworks. Moreover, the unique electro-
chemical redox behavior of the designed electrochemically
accessible pores proves that the conversion between electric and
the chemical energy for the EOF framework depends on
matching attributes between the micropores and ion guests. The
strategy presented in this work paves a new way for the design
and construction of highly microporous materials with excep-
tional stabilities for sensors, electroluminescent devices and solar
cells, etc.This journal is ª The Royal Society of Chemistry 2011Acknowledgements
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